Wild golden lion tamarins (Leontopithecus rosalia)
Trypanosoma cruzi, a kinetoplastid Tripanosomatidae, circulates among hundreds of mammalian species and dozens of triatomine bugs (Brener 1973) . The parasite's life cycle comprises two multiplicative stages: intracellular amastigotes in the mammalian host and extracellular epimastigotes in the gut of triatomines or in the lumen of the scent glands of the opossum Didelphis marsupialis (Deane et al. 1984) . T. cruzi is a very heterogeneous parasite species; it is composed of significantly different subpopulations with regard to biological, biochemical and molecular parameters. The attempts that have been made to establish correlation between these markers and any biological parameter have led to controversial results. However analysis of the electrophoretic profiles of isoenzymes has defined three zymodemes that correspond to the sylvatic transmission cycle (Z1 and Z3) and to the domestic transmission cycle (Z2). This characterization showed that the domiciliar transmission cycle of T. cruzi can be quite independent from the sylvatic transmission cycle although they sometimes overlap (Miles et al. 1977 , Miles 1983 , Miles & Cibulskis 1986 ). The molecular markers (rRNA and mini-exon genes) have divided several T. cruzi isolates into two lineages that were also related to the domestic (lineage 1) and to the sylvatic transmission cycle (lineage 2) ). More recently, at an international meeting in Rio de Janeiro, Brazil, the main zymodemes and lineages were redefined as two groups termed T. cruzi II and T. cruzi I, corresponding Z2 to lineage 1 and Z1 to lineage 2, respectively. Natural infection by T. cruzi in non-human primates has been reported among Allouatta senicula, Cebus apella, C. capucinus (Marinkelle 1966) ; Saimiri boliviensis (Ayala 1961 , Sullivan et al. 1993 S. sciureus (Aben-Athar 1922 , Chagas 1924 , Deane & Damasceno 1961 , Marinkelle 1966 ; Callithrix jacchus (Deane 1962) ; Chiropotes satanas, Pithecia pithecia, Callicebus torquatus (Deane et al. 1970) ; Lagothrix lagotricha, Ateles fusciceps, Cebuella pygmaea, Saguinus mystax and S. oedipus (Ayala et al. 1973 , Marinkelle 1982 . Although experimentally infected non-human primates develop an acute infection that is similar to acute Chagas disease, they do not develop a comparable chronic phase of the infection (Marsden et al. 1970 , Rosner et al. 1988 , Bonecini-Almeida et al. 1990 , Almeida et al. 1992 .
Golden lion tamarins (Callitrichidae: Leontopithecus rosalia) are endemic to the Atlantic Coastal Forest of Rio de Janeiro, Brazil. An international program to save golden lion tamarins was launched in 1983 at the Reserva Biológica de Poço das Antas, in the State of Rio de Janeiro. This reserve holds the largest wild population of golden lion tamarins: about 290 individuals distributed in approximately 45 territorial groups (Kleiman et al. 1990 , Kierulff & Oliveira 1994 . One of the aims of this program is to reduce the probability of extinction of this species in the wild when reintroducing captive-born tamarins into the forest and when translocating wild-born tamarins.
In order to evaluate the eventual parasite dispersion as a consequence of this program, the prevalence and the dynamics of transmission of T. cruzi infection among golden lion tamarins was investigated, and the biological and biochemical characterization of the isolates was performed as well.
MATERIALS AND METHODS
The study area -The Reserva Biológica de Poço das Antas is located 70 km NE of Rio de Janeiro city, between 22°30' and 22°33' south latitude and 42°15' and 42°19' west longitude. The reserve has an area of 5,200 ha and is isolated from other forested lands along most of its perimeter. It is a patchwork of grasslands and forests in early to late secundary sucession that resulted from clear cutting and selective cutting prior to 1973. Climate on the reserve is seasonal, most of the rain is concentrated in the warmer months of October through March (Dietz et al. 1994) .
Tamarins' capture -As part of an ongoing research, a total of 118 sylvatic tamarins in breeding groups and in all age classes were noninjuriously captured and anesthetized with 20 mg/kg body weight ketamine between October 1995 and October 1998 , Dietz et al. 1994 ). All studied animals were from the Reserva Biológica de Poço das Antas.
Hemocultures and serology -Approximately 0.1 ml of whole blood that was obtained by puncture of the femoral vein was placed in NNN medium (Novyl, McNeal and Nicolle) , covered with an overlay of LIT (Liver Infusion Tryptose), mixed with 10% fetal calf serum and 140 mg/ml of gentamicin sulfate. The tubes were examined every 14 days over two months in cases where serological results were negative and for longer periods in cases where they were positive. Indirect imunofluorescence assay (IFAT) was performed with a Sigma Co. anti-monkey conjugate. Antigen was prepared with F strain of T. cruzi, epimastigotes from eight-days old cultures in LIT liquid medium, were washed three times and finally resuspended in phosphate-buffered saline (PBS); this final suspension, adjusted so that approximately 40 flagellates could be counted per dry high power field, was distributed on the appropriate slides and air-dried at room temperature. No fixative was used. The slides were stored in cans with silica gel at -20°C for no longer than one month. Two blood smears from each animal were Giemsa stained and examined for patent parasitemia.
Biological and molecular characterizationGroups of five outbred Swiss mice weighing 18 g were intraperitoneally inoculated with metacyclic forms that were derived from LIT medium (1 x 10 5 parasites) of 21 tamarin isolates. The parasitemia was followed every other day in fresh blood smears and counts were performed in a Neubauer chamber. The isoenzymatic eletrophoretic profile analysis was performed according to Momen and Salles (1985) . The enzymes that were tested were glucose phosphate isomerase (GPI), (E.C. 5.3.1.9), malic (ME), (E.C.1.1.1.40), isocitrate dehydrogenase (IDH), (E.C. 1.1.1.42), glucose 6 phosphate dehydrogenase, (G6PDH), (E.C.1.1.1.49) and malato dehydrogenase (MDH), (E.C.1.1.1.37). Each electrophoresis included Y (T. cruzi II) and F (T. cruzi I) as reference strains. The KDNA from the flagellates for schizodeme analysis was extracted by phenol-chloroform and alcohol precipitation and digested with EcoR1 as described by Gonçalves et al. (1990) .
RESULTS
Natural infection of tamarins -Sixty one of the 118 tamarins (52%) sampled demonstrated positive IFAT results. T. cruzi was isolated in the hemocultures of 38 tamarins. All examined groups contained infected animals but the percentage of infection varied significantly (Table I) . No animal displayed patent parasitemia. The prevalence of infection was 64.29% for 56 adults, 36.36% for 44 juveniles and 0% for eight tested infants. The prevalence was greater for adults (36 positive of 56 tested) than for juveniles (16 positive of 44 tested), (Chi square test: χ 2 = 18.79 p<0.001). There was no statistically significant difference as to prevalence between males (49.1% were positive, 57 were tested) and females (45.1% were positive, 51 were tested), (Chi square test: χ 2 = 0.4902, p = 0.4838).
Our data suggest that T. cruzi infection in L. rosalia is stable. Recaptured animals displayed positive hemocultures and IFAT for up to 36 months. Transmission of T. cruzi is still occuring in the reserve since three previously uninfected tamarins became serologically and parasitologically positive after periods that varied from 8-12 months (tamarins nos 456, 567 and 593) (Table II) .
Moreover, the composition of the groups of tamarins remained almost the same during our follow up since only two animals moved to other groups.
T. cruzi isolates derived from infected tamarins were more virulent for Swiss mice than previous observations with sylvatic isolates: 19 isolates induced high patent parasitemia and 11 caused mortality in the experimentally infected mice. Only two tamarin isolates determined subpatent infection in experimentally infected mice (Table III) .
No correlation could be established between parasitemia and mortality or between the biological Schizodeme analysis showed no important heterogenity among golden lion tamarin isolates (Fig. 1) . All of the 15 isolates that have already been characterized were in the Z2 zymodeme according to Miles et al. (1986) when tested for glucose phosphate isomerase (GPI), (E.C. 5.3.1.9), malic (ME), (E.C.1.1.1.40), isocitrate dehydrogenase (IDH), (E.C. 1.1.1.42), glucose 6 phosphate dehydrogenase, (G6PDH), (E.C.1.1.1.49) and malato dehydrogenase (MDH), (E.C.1.1.1.37) (Fig. 2 A-E) . Reisolated parasites derived from tamarins recaptured (n=3) months after the first positive hemoculture remained in the same zymodeme.
DISCUSSION
Golden lion tamarins are small, arboreal primates that feed largely on fruit and insects (Dietz et al. 1997) . They live in relatively stable social groups with an average of 5.4 individuals each , occupy territories of about 42 ha (Dietz et al. 1994 ) and sleep in tree holes at night (Coimbra-Filho 1977) . The geographic distribution of golden lion tamarins once extended from the State of Espírito Santo to the State of São Paulo, Brazil. However, most of the original forest in this region has been converted to cattle pasture and agricultural fields. Golden lion tamarins are now restricted to a few forest fragments in the State of Rio de Janeiro, and 476 individuals live in 134 zoos worldwide. The species is considered critically endangered of extinction in the wild.
T. cruzi infection has been documented among many New World primates, but little is known about transmission cycles involving free-ranging nonhuman primates. To our knowledge, no such study has been conducted at the population level. Lourenço-de-Oliveira (1990) , was the first to report T. cruzi infection in golden lion tamarins at the Reserva Biológica de Poço das Antas. In 1989 he observed five positive blood smears out of 17 examined. The author, however, did not perform any characterization of the parasite. We were unable to detect patent parasitemia in any of the 61 tamarins with positive IFAT results. The differing results between these two studies might mean that the onset of this enzootic disease among the tamarins started in 1989, when animals in the acute phase would likely have been numerous.
Vertical transmission of T. cruzi among golden lion tamarins is unlikely since none of the examined infants tested positive. Congenital transmission (Coimbra-Filho 1972 , Coimbra-Filho & Mittermeier 1981 . Furthermore, tamarin's habitual use of a few tree holes as sleeping sites makes it likely that infection occurs at night at these dens. The fact that the rate of infection was greatest among older animals but was not sex biased adds support to the hypothesis that tamarins are infected over time by exposure to infected insects. At least one tamarin tested positive in each of the 21 studied groups, which suggests that T. cruzi infection is ubiquitous in the reserve's population. The significant variation between each group of tamarins may be due to the peculiarities of each group's behaviour. Indeed, those tamarin groups with high percentages of infected animals used the same sleeping sites.
The transmission cycle of T. cruzi is still occurring among this population of tamarins as could be demonstrated by the three animals that tested negative (IFAT and hemoculture) in a first examination and yielded positive results some months later.
Natural infection of golden lion tamarin is stable and longlasting as could be observed in the recaptured animals that remained infected after periods up to 36 months. Moreover, the subpopulations of the parasite were apparently not selected by the host since the enzymic profile of three reisolates remained in the same zymodeme.
Serological titers as high as 1:1280 were observed, although the average was 1:160. The serological titer of 1:40 that was observed for one animal indicates a recently acquired infection since its hemoculture was also positive. The 1:20 serological titer that was observed for one animal whose hemoculture was negative is probably due to a cross-reaction with monogenetic trypanosomatids since tamarins feed on many taxa of insects.
Positive hemoculture were observed for 62.3% of the tamarins that yielded positive serological results. Hemoculture is not a sensitive parasitological method and contamination in field conditions may explain this difference.
In contrast with findings by Sullivan et al. (1993) , for squirrel monkeys (Saimiri sciureus), golden lion tamarins displayed a significant humoral imune response to T. cruzi in our study.
A puzzling aspect of our results is that T. cruzi isolates from the free-ranging tamarins displayed a Z2 profile that Miles et al. (1977) and Miles and Cibulskis (1986) found to be related to the domiciliar transmission cycle. Moreover, the 26 mini-exon typed tamarins isolates, were in lineage 1 (T. cruzi II), . Previous studies with molecular markers (mini-exon and 24 S rRNA) showed a preferential association of lineage 1 (T. Fig. 1 : schyzodeme analysis of Trypanosoma cruzi isolates from golden lion tamarins, (Leontopithecus rosalia), using the restriction enzyme EcoR1. Each number signifies one isolate for each golden lion tamarin especimen. Lanes 1 to 9 correspond to isolates of animals 583, 291, 310, 385, 493, 584, 593, 633 and 592. of T. cruzi is rare among humans and other mammalian orders including Marsupialia (Jansen et al. 1994 ). Infection of free-ranging tamarins with T. cruzi probably occurs by contamination with the feces of infected triatomine bugs, since these primates do not include hemipterans in their diet Fig. 2 : isoenzyme profile plate comparing enzyme mobilities of culture forms of Trypanosoma cruzi isolates obtained from Leontopithecus rosalia. Agarose gels stained for activity of the following enzymes: glucose phosphate isomerase, isocitrate dehydrogenase, glucose 6 phosphate dehydrogenase, malato dehydrogenase and malic. The arrow indicates the origin. Each number correspond to one isolate and lanes 9 and 10 correspond to the reference strains Y and F, respectively, zymodemes 2 and 1. cruzi II) with the domestic transmission cycle and of lineage 2 (T. cruzi I) with the sylvatic one (Souto et al. 1996 .
Biological characterization showed that the tamarin isolates are significantly more virulent for Swiss mice than those from other sylvatic mammals in the Reserva Biológica de Poço das Antas (Lisboa et al. 1996) . However, we do not yet know the consequences of the natural infection with T. cruzi for L. rosalia. It is known that experimentally infected primates display an acute disease that is similar to Chagas disease although they do not mimic the human chronic phase of the disease (Bonecini- Almeida et al. 1990 ). The impact of the infection in other animals in the Reserve or in humans is also unpredictable.
Reintroduction of captive-born tamarins and translocation of wild-born tamarins has been deemed a necessity in order to keep the species from becoming extinct in the wild (Kleiman et al. 1990 ). Prior to reintroduction, captive-born tamarins are quaranteened and tested for hepatitis, herpes and toxoplasmosis, but not for trypanosomiasis or leishmaniasis. Our results suggest that the latter tests should be conducted as well, especially in the case of callitrichids that is brought by nature into the captive population.
Our results with regard to T. cruzi subpopulation are surprising when associated to the domestic transmission cycle and they deserve further study. Our findings suggest the need for additional research on the relationship between T. cruzi and free-ranging New-World Primates. Among the questions that still need an answer are, for instance, the following: is T. cruzi infection in the golden lion tamarins at the Reserva Biológica de Poço das Antas enzootic or epizootic? How long will it be maintained in the population? What are the effects of the infection on the survival and on the reproductive success of individual tamarins in naive and infected populations? What effects can be expected due to concomitant infections? What are the consequences of the increase of host density? What are the consequences of the circulation of Z2/T. cruzi II subpopulation for the surrounding human population?
